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Abstract  - In the last few years, there has been an 
increasing demand for designing multiband antennas for 
cellular communication devices. In particular, the focus 
has been on internal antenna designs. With the third 
generation (3G) wireless communication systems 
introduced world-wide, the demand to support both old 
and new standards using a single mobile phone becomes 
compulsory. Therefore, the most immediate task for the 
new antenna is to operate at both new UMTS frequency 
bands and already established 2G frequency bands. In 
addition, there is also a requirement on mobile phone to 
serve some new wireless communication applications, 
including WLANs and Bluetooth. 
In this paper, a new compact microstrip patch antenna 
designed to operate at three main communications 
frequency bands (GSM, UMTS and Bluetooth) with a 
single feed are presented. The antenna is designed on 
thick air substrate. The antenna is mounted on top of 
finite ground plane that can be considered as a circuit 
board of practical mobile phones.  
The antenna are simulated and optimised for best 
operation using FEMLAB designer and their performance 
are measured and compared. A comparison between 
measurement and simulation is presented and show a 
good agreement. 
 
I INTRODUCTION 
 
The FEM is already widely and successfully used in 
computation of static and quasi-static electric and 
magnetic fields at DC and low (<1 kHz) frequencies, 
and for enclosed systems (waveguides, cavities etc) at 
high frequencies [2]. However, there have been 
problems in applying the method to high-frequency 
open-field (radiation and scattering) problems for 
reasons that are in need of investigation. The finite-
difference time-domain (FDTD) scheme [3] is very 
popular for electromagnetic modelling because of its 
simplicity and efficiency. One drawback of the FDTD 
is the staircase approximation of oblique boundaries, 
which often gives poor accuracy. The finite-element 
method (FEM) allows good approximations of complex 
boundaries and with edge elements it performs well for 
Maxwell’s equations [4]. However, FEM requires more 
memory and has a higher operation count than the 
FDTD. An obvious remedy is a hybrid that applies 
FDTD in large volumes, combined with FEM near 
complex boundaries. Previously attempted hybrids of 
this type [5,6] suffer from instabilities known as late 
time growth. 
The modified equivalent surface with one or more faces 
was replaced by a conducting surface was investigated 
(see Fig. 1). In this modification, the conducting surface 
can be extended beyond the size of the equivalent 
surface such as the handset box excluding the antenna 
part of the mobile phone. Normally, the frequency 
domain FEM was used to analyse a structure up to a 
few wavelengths in size and it is particularly 
appropriate for simulation of 1-D, 2-D and 3-D 
structures. However, it faces some difficulties to 
manage substantial volume of dielectric since the size 
of the interaction matrix become larger when the 
number of quantisation elements exceeds a few 
thousands. By the way, FDTD can handle substantial 
penetrable dielectric and partially-conducting structures 
such as human head since each quantisation element 
interacts only with its nearest neighbours and not with 
the entire set of elements [7]. 
The basic idea of the FEM-FDTD hybridisation 
technique has been realised in the recent past and it has 
been extensively studied and tested in different 
application [8,9]. The coupling between these methods 
is compute by using the equivalent principle theorem. 
The objects are not connected in physical manner but 
only separated by a small distance, sufficiently to 
permit the equivalent principle surface to place in 
isolation between them.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1.  Basic geometry of the modified hybrid 
method. 
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 In this paper, a air substrate microstrip antenna has been 
chosen for evaluation purposes since it is the most 
familiar antenna used in mobile handset now days. The 
antenna is small, compact and can be mounted on one 
side of the Mobile handset and easily altered depends 
on the manufacturer needs. The antenna including the 
finite ground plane has been modelled by using the 
FEMLAB software that uses FEM principles. Firstly, 
the equivalent surface boundary has been chosen at the 
edges of the finite ground plane (see Fig. 2) and then 
the size of equivalent surface was modified and the 
antenna performance was predicted with and without 
presence of the scatterer. Finally, for the hybridisation 
process the equivalent surface and the finite ground 
were inserted inside the FDTD code as shown in Fig. 1. 
Figure 2 shows the geometry and dimensions of the 
thick air substrate antenna for a dual-band frequencies 
mobile phone. The antenna was designed first and then 
was mounted on top of a finite ground plane with 
dimension of 8 x 5 cm
2
. The radiating patch consists of 
single patch. A 50-Ω SMA probe connector with radius 
0.5 mm placed perpendicular to the ground plane, 
through which a coax is used H field excitation. The 
antenna is supported by two different size of shorted 
pins of height of 11 mm from the ground plane with the 
radius 0.5 mm and 2 mm, respectively. By introducing 
a long slit in the middle of the patch, the lower resonant 
frequency can be easily controlled. It should be noted 
that feeding strip line arranged at one side of the patch 
can generate combined dual-resonance naturally, whose 
operating frequencies can be shifted by changing the 
length and width of the patch. In addition, a probe feed, 
at the bottom edge of the strip line, can be located for 
good excitation of the antenna over resonant frequency 
bandwidths.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Geometry of  air substrate microstrip antenna 
handset. 
 
II SUMMARY OF THE METHOD 
 
Using the surface equivalent theorem, the near-to-near 
and near-to-far field transformation can be extended 
through using FEM to FDTD modelling of 3-D 
scatterers and antennas. Consider Fig. 1, the fields 
outsides of the equivalent closed surface are obtained 
by placing suitable electric and magnetic current 
densities that satisfy the boundary conditions. The 
current densities are selected so that the fields inside the 
closed surface are zero and outside are equal to the 
radiation produced by the actual sources. The degree of 
accuracy depends on the knowledge of the tangential 
components of the fields over the closed surface. 
Figure 1 represents schematically the most general case 
dealing with electromagnetic wave interactions with an 
arbitrary 3-D structure. It is assumed that a field (E1, 
H1) filling all of space is generated by the action of 
physical electric and magnetic current sources J1 and 
M1 flowing on the surface structure of interest. There 
are now exists a new field (E, H) inside an arbitrary 
closed observation surface S that completely encloses 
the structure. The original (E1, H1) will be observed 
outside S. The following non-physical electric and 
magnetic currents flowing tangentially along S must be 
exist to satisfy the desired situation of the field 
boundary conditions. Thus: 
 
 JS = -n x (H1 – H)  (1) 
 MS = n x (E1 – E)  (2) 
Where n is the unit outward normal vector to S. Js and 
Ms are the surface electric and magnetic currents. Now, 
the current densities can be simplified as in following: 
 
  JS = -n x (H1 – HH=0) = n x H1     (3) 
 MS = n x (E1 – EE=0) = -n x E1      (4) 
The currents on surface boundary (that exclude the 
conducting surface currents on the handset) can be 
transferred to FDTD method by treating them as 
impressed currents. These impressed sources can be 
represented through the FDTD difference equations as 
follows: 
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The conducting surface (finite ground or handset) will 
be directly modelled through the FDTD method. 
However, the procedure can be extended on two or 
more conducting surface enclosed within the equivalent 
surface. In general, due to the structure of non-uniform 
meshing (normally tetrahedral cells) used in FEM and 
uniform cells distribution (ex. rectangular cells) of 
FDTD, a support program was written to link these 
field points that exist on the equivalent surface. 
 
III SIMULATION AND RESULTS 
 
The air substrate microstrip antenna was simulated and 
studied. Figure 3 and Figure 4 shows the simulation 
input impedance and return loss, respectively, based on 
the design dimensions shown in Figure 2. The 
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 simulation results are obtained by using Femlab 3.0 
(FEM) simulation software.  An experiment also has 
been done to confirm the validity of the results. From 
the result obtained, it shown a good agreement for both 
simulation package and from the experiment. The 
radiation pattern or far field are been shown in Figure 5 
with 20-30 dB radiation. A Fortran-90 program was 
written in which that simulates the details gave in 
previous section. The operating frequency was chosen 
at 1800 MHz and the handset dimension (finite ground) 
was 5 cm x 8 cm. The antenna was properly designed 
with minimum return loss at 1800MHz and 9% relative 
bandwidth at 10dB. FEM problem space for all 
presented examples was considered 12cm x 9cm x 4cm 
and the method uses low reflecting boundary. The 
antenna was excited by magnetic frill through a coaxial 
cable of radius 2.5 mm. The FDTD cell size and the 
time step were 2.5mm and 3.375ps respectively. 
Number of the FDTD PML (perfect matching layer) 
cells was 6.  Several examples were presented as 
follows: 
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Figure 3. Input Impedance 
 
 
 
Figure 4. Simulated and measured Return loss of the 
antenna 
 
 
(a) x-y plane (simulation) 
 
(b) y-z plane (simulation) 
 
   
(c) x-y plane (experiment) 
 
(d) y-z plane (experiment) 
 
Figure 5. Radiation pattern by using Femlab (fig. (a), 
(b)) and Experiment (fig. (c) and (d)). 
 
Example 1: The equivalent surface was placed at the 
edges of the handset as shown in Fig. 2. Thus the size 
of the surface was 5cm x 8cm x 3cm, that is equivalent 
 to 32 x 20 x 12 cells inside the FDTD problem space. 
The FDTD problem space dimension was 54 x 54 x 38 
cells. The field contours without the scatterer for two 
different cuts inside the FDTD problem space are 
shown in Fig. 6. A shown the difference between the 
total field and the scattered fields was 25 to 30 dB that 
is quite reasonable with the expectations. 
 
 
(a) 
 
 
(b) 
Fig. 6. Field contours for Fig. 2a at: (a) yz plane, (b) xz 
plane. 
 
Example 2: The equivalent surface size encloses the 
radiating part of the antenna was set up to be 3cm x 
4cm x 3cm (equivalent to 12 x 16 x 12 cells inside the 
FDTD method) as shown in Fig. 2b. The FDTD 
problem space dimension was same as the previous 
example. The field contours without the scatterer for 
two different cuts inside the FDTD problem space are 
shown in Fig. 7. A shown the difference between the 
total field and the scattered fields was similar to that 
observed in the previous example. However, the 
memory locations for the field points on the boundary 
were reduced by 70% compared to the first example. 
 
 
 
 
 
(a) 
 
 
 
 
 
(b) 
Fig. 7. Field contours for Fig. 2b at: (a) xz plane, (b) xy 
plane. 
IV CONCLUSIONS: 
 
Hybridisation technique between the FEM and FDTD 
to design new compact microstrip antenna has been 
presented. Equivalent surface including a conducting 
surface was successfully implemented through the 
boundary that coupled the two methods. A reduced 
equivalent surface was presented and was found 
sufficient to predict the antenna performance with and 
without scattterer. This save 70% of the required 
memory locations of the field points between the two 
domains and also speed up the updating boundary 
equations inside the FDTD method. The results are 
stable and show a good agreement with different 
technique.  
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